The obligate intracellular pathogen Chlamydia (Chlamydophila) pneumoniae is known to be associated with some chronic inflammatory diseases, such as atherosclerosis. Interaction between C. pneumoniae and immune cells is important in the development of such diseases. However, susceptibility of immune cells, particularly lymphocytes, to C. pneumoniae infection has not been reported, even though lymphocytes play a pivotal role in the development of the diseases caused by this bacterium. In this regard, we examined the susceptibility of lymphocytes to C. pneumoniae infection in vitro. The results demonstrated that human peripheral blood lymphocytes as well as mouse spleen lymphocytes could be infected with C. pneumoniae. Furthermore, purified T lymphocytes as well as established T-lymphocyte cell line cells showed an obvious susceptibility to C. pneumoniae infection, indicating that T cells could be one of the host cells for this bacterial infection. These findings reveal a new infection site for C. pneumoniae, i.e., lymphocytes.
Chlamydia (Chlamydophila) pneumoniae is an obligate intracellular bacterium which causes a variety of respiratory illnesses, including community-acquired pneumonia, bronchitis, pharyngitis, and sinusitis (25) . Current studies also indicate the possible involvement of C. pneumoniae in chronic inflammatory as well as other diseases, such as asthma (10) , arthritis (8) , and atherosclerosis (23) , besides respiratory illness. However, even though there are a large number of reports relating C. pneumoniae infection and certain chronic inflammatory diseases, the mechanisms for development of such diseases by Chlamydia infection is not clear. In the case of atherosclerosis, for instance, how Chlamydia organisms reach the intima, which is the main site of atherosclerosis, and how Chlamydia spp. are involved in the chronic inflammatory reaction characterized in atherosclerosis are not well understood. It is known that lymphocytes always play a central role in the development of chronic inflammatory diseases by their diverse functions. In this regard, a recent study by Kaul et al. (18) showed an interesting finding indicating that Chlamydia DNA could be recovered from CD3
ϩ peripheral blood leukocytes obtained from the patients attending a cardiology clinic. This finding suggests the possibility that lymphocytes may be a host cell for C. pneumoniae.
Although C. pneumoniae is known to preferentially infect the epithelial tissue of the respiratory tract, this bacterium can also multiply in vitro in monocytes/macrophages, endothelial cells, and aortic smooth muscle cells (1, 3, 4, 9, 17, 26) . However, there are no reports regarding experimental in vitro infection of lymphocytes with C. pneumoniae which demonstrate that lymphocytes can be a host cell. The study reported here demonstrates that lymphocytes, particularly T lymphocytes, can be infected with C. pneumoniae and support the growth of this bacterium in vitro. These findings may reveal a possible new Chlamydia infection pathway, i.e., lymphocytes.
MATERIALS AND METHODS
Bacterial strain, propagation, and purification. C. pneumoniae (CM-1, ATCC VR-1360) was obtained from the American Type Culture Collection, Manassas, Va., and propagated in HEp-2 cell cultures as described (22) . Chlamydial elementary bodies (EBs) were purified by density gradient centrifugation with Percoll (Sigma Chemical, St. Louis, Mo.) (13) . Purified EBs were suspended in sucrose-phosphate-glutamic acid (0.2 M sucrose, 3.8 mM KH 2 PO 4 , 6.7 mM Na 2 HPO 4 , 5 mM L-glutamic acid) buffer (pH 7.4) and stored in small aliquots at Ϫ70°C until used. Inclusion forming units (IFUs) of the Chlamydia preparation were determined by counting Chlamydia inclusions in HEp-2 cells as described elsewhere (29) .
Lymphocytes. Human peripheral blood lymphocytes were isolated from buffy coats provided by the Florida Blood Services, St. Petersburg, Fla., by density gradient centrifugation with Histopaque-1077 (Sigma). The resulting peripheral blood mononuclear cells were washed three times with Hanks' balanced salt solution (HBSS) and suspended in RPMI 1640 medium containing 10% heatinactivated human AB blood type serum (Sigma). The peripheral blood mononuclear cell suspensions were then dispensed in tissue culture flasks and incubated for 2 h at 37°C in 5% CO 2 to adhere out the monocytes. After incubation, nonadherent cells were collected, washed with HBSS, and resuspended in RPMI 1640 medium containing 10% AB serum. Cytocentrifuged preparations of the resulting lymphocyte fractions stained with Giemsa showed greater than 95% lymphocytes by morphology.
Mouse spleen lymphocytes were prepared from the spleens of BALB/c female mice (Jackson Laboratory, Bar Harbor, Maine), 10 to 12 weeks of age, using a stomacher 80 lab blender (Tekmer, Cincinnati, Ohio), and the erythrocytes were lysed by ammonium chloride. Spleen cell suspensions in RPMI 1640 medium containing 10% heat-inactivated fetal calf serum (FCS; HyClone, Logan, Utah) were cultured on tissue culture dishes to adhere out macrophages for 2 h at 37°C in 5% CO 2 . The nonadherent lymphocytes were collected, washed with HBSS two times, and resuspended in the medium. In some experiments, T lymphocytes were purified from the isolated spleen lymphocytes by Stem Sep System (Stem Cell Technologies, Vancouver, Canada) in accordance with the manufacture's manual. The T-cell purification was confirmed by flow cytometry with fluorescein isothiocyanate (FITC)-or phycoerythrin (PE)-conjugated anti-CD3 and -CD19 antibodies (BD Pharmingen, San Diego, Calif.). The T-cell-enriched fraction showed that CD3-positive and CD19-positive cells were more than 95% and less than 0.02%, respectively.
T-lymphocyte cell line. The human T-lymphocyte cell line Molt 3 was kindly provided by R. Widen, Tampa General Hospital, Tampa, Fla. Cultures of the cell line (10 6 cells) were infected with either viable bacteria (10 7 IFUs) or UV-treated bacteria (10 7 organisms; prepared by placing cultures 1.0-cm distance under UV light for 15 min) or cultured without bacteria in 2.0 ml of RPMI 1640 medium containing 10% heat-inactivated FCS and antibiotics (gentamicin, 10 g/ml; vancomycin, 10 g/ml; and amphotericin B, 1 g/ml) for 3 h at 37°C in 5% CO 2 with gentle shaking. After two washes with HBSS by centrifugation, the cultures were resuspended in 10 ml of medium and then incubated for 72 h in the presence of cycloheximide (1 g/ml; Sigma).
Infection of lymphocytes. Lymphocyte suspensions in RPMI 1640 medium supplemented with either 10% AB serum for human lymphocytes or 10% FCS for mouse lymphocytes and 2 mM L-glutamine were dispensed in six-well tissue culture plates at 2 ϫ 10 6 cells/3.0 ml/well. The lymphocyte cultures were then infected with 10 8 IFUs of EBs/well by gentle shaking with a shaker for 2 h at 37°C. After infection, the cells were washed with HBSS two times by centrifugation and resuspended in RPMI 1640 medium containing cycloheximide (0.5 g/ml) and either 10% AB serum or FCS for human lymphocytes and mouse lymphocytes, respectively. The infected lymphocytes were then incubated at 37°C in 5% CO 2 for up to 4 days.
Assessment of Chlamydia infection by microscopy. After 1 to 4 days of incubation, the infected lymphocytes were centrifuged on a microscopic slide by a Cytospin (Shandon, Sewickley, Pa.). After fixing with ethanol, cells were stained with Chlamydia genus-specific FITC-conjugated monoclonal antibody (specific to Chlamydia lipopolysaccharide; Research Diagnostics, Flanders, N.J.). The presence of inclusion bodies in the sample was then determined with a fluorescence microscope. In some experiments, isolated mouse lymphocytes infected with C. pneumoniae were double stained with PE-conjugated anti-mouse CD3 antibody (BD Pharmingen) and FITC-conjugated anti-Chlamydia lipopolysaccharide (LPS) monoclonal antibody (Fitzgerald International Inc., Concord, Mass.). In brief, the cells on a microscopic slide were stained with anti-CD3 antibody and then treated with a Fix and Perm cell permeabilization kit (Caltag Laboratories, Burlingame, Calif.) with anti-Chlamydia antibody in accordance with the manufacture's protocol. The double-stained cells were then analyzed with a fluorescence microscope.
ELISA. Chlamydia LPS antigen in lymphocyte cultures was detected by an enzyme-linked immunosorbent assay (ELISA) kit (IDEIA PCE Chlamydia; Dako Ltd., Ely, United Kingdom). C. pneumoniae-infected lymphocytes (10 6 cells) were suspended in 1.0 ml of triethanolamine buffer and heated at 95°C for 15 min to extract Chlamydia LPS. The specimen (200 l) containing Chlamydia LPS was then determined by sandwich ELISA using monoclonal anti-Chlamydia and alkaline phosphatase-conjugated anti-Chlamydia antibodies supplied in the kit. As a standard for Chlamydia LPS, a series of diluted EBs were spiked into the cell cultures and then Chlamydia LPS was extracted from the cultures. The relative number of Chlamydia organisms was calculated from the standard curve. The lower detection limit was 5 ϫ 10 4 EBs/assay. PCR. To detect C. pneumoniae-specific DNA, infected lymphocytes (10 6 cells) were collected at appropriate time points, and DNA was isolated using the QIAmp DNA minikit (Qiagen, Valencia, Calif.) in accordance with the manufacturer's manual. The PCR was performed with the Universal Amplification and Detection system (Intergen, Purchase, N.Y.) with primers specific for the C. pneumoniae major outer membrane protein gene (omp1) (14) in a Minicycler (MJ Research, Watertown, Mass.) in accordance with the manufacturer's manual. The first cycle, consisting of a 5-min degradation at 94°C, was followed by 50 cycles of 30 s at 94°C, 45 s at 50°C, and 1 min 30 s at 72°C, with a final extension for 10 min at 72°C. The PCR products were analyzed by a Fmax fluorometer (Molecular Devices, Sunnyvale, Calif.).
Electron microscopy. For transmission electron microscopy (TEM), after incubation the lymphocytes were immersed in a fixative containing 2.5% glutaraldehyde in 0.1 M phosphate buffer (pH 7.4) for 24 h at 4°C and then rinsed in 2.5% sucrose in 0.1 M phosphate buffer at pH 7.4. They were postfixed with 1% osmium tetroxide in 0.1 M phosphate (pH 7.4) at 4°C for 45 min. After a brief rinse in 2.5% sucrose, they were processed for alcohol dehydration and embedding in Epon 812 as described previously (19) . Ultrathin sections of the cells were stained with lead citrate and uranium acetate before viewing on an electron microscope.
RESULTS
When either human or murine lymphocytes were infected with C. pneumoniae, centrifuged to remove free bacteria from the cells, and then incubated for up to 4 days, Chlamydia organisms obviously multiplied within the lymphocytes, as demonstrated by four methods: detection of inclusion bodies by staining with anti-Chlamydia monoclonal antibody conjugated with FITC in lymphocytes, stained with lymphocyte cell surface markers, demonstration of chlamydiae in lymphocytes by TEM, and detection of increased Chlamydia antigen by ELISA and of C. pneumoniae-specific DNA in the lymphocyte cultures by PCR at various times after infection.
Chlamydia inclusion body formation in lymphocytes. We initially determined whether human peripheral blood lymphocytes isolated from a buffy coat are susceptible to in vitro C. pneumonia infection. Lymphocytes obtained from different donors were infected with Chlamydia EBs and incubated in the presence of cycloheximide, which is a common method for the enhancement of Chlamydia growth in cell cultures (7), and then incubated further. At various time points after infection, such as 0, 1, 2, 3, and 4 days, the cells were harvested on a glass slide, fixed, and stained with genus-specific anti-Chlamydia monoclonal antibody conjugated with FITC. Figure 1A and B show representative results that obvious Chlamydia inclusion bodies stained with anti-Chlamydia antibody in a lymphocyte were evident 3 days after infection. Wright staining of lymphocyte cultures showed that the lymphocyte cultures used were highly purified, as determined by morphology (more than 95% lymphocytes) (data not shown). However, it is notable that the infection of lymphocytes obtained from individual donor buffy coats with C. pneumoniae was positive for only 4 of 11 donors tested.
In order to confirm the finding of Chlamydia infection in lymphocytes, mouse spleen lymphocytes were used because of their genetic homogeneity in susceptibility to infection as well as their specific-pathogen-free status. Mouse spleen lymphocytes, which showed more than 95% lymphocytes by morphology, obtained from BALB/c mice were infected with C. pneumoniae in the same way as human peripheral lymphocytes. Three days after infection, the cultures showed many inclusion bodies stained with anti-Chlamydia antibody similar to that seen in the human lymphocytes (data not shown). The time zero cultures after infection with chlamydiae showed a few Chlamydia-positive (FITC positive) spots, but the number and intensity of these observed spots were limited compared with the day 3 cultures. The analysis of infected cells by double staining with PE-conjugated anti-CD3 and FITC-conjugated anti-Chlamydia antibody confirmed that CD3-positive T lymphocytes were infected and allowed the growth of C. pneumoniae in the cells (Fig. 1C and D) .
TEM analysis of infected lymphocytes.
In order to analyze in detail the infection in a cell, C. pneumoniae-infected human as well as mouse lymphocytes were examined by TEM. Figure 2 shows a representative electron micrograph of chlamydiae attached to or in human peripheral blood lymphocytes. At an early infection point, such as just after infection, chlamydiae attached to the surface of a lymphocyte as well as chlamydiae within the cytoplasm of the lymphocyte were observed ( Fig. 2A  and B) . At a later time after infection, such as 3 days after infection, there were many but variably sized Chlamydia particles (0.3 to 0.5 m), including reticulate-like or intermediate bodies, which were not as big as seen in HEp-2 cells, in the lymphocyte cytoplasm (Fig. 2C and D) . The Chlamydia particles in an inclusion body with membrane were also observed (data not shown). Similar findings were noted in the mouse spleen lymphocytes after infection with C. pneumoniae (data not shown).
Chlamydia antigen in infected lymphocytes. To measure the quantity of chlamydiae in infected lymphocytes, the amount of Chlamydia LPS in mouse lymphocyte cultures was assessed by ELISA, which has been established previously (20) , at different incubation time points after infection. The ELISA specific for Chlamydia LPS could quantify Chlamydia organisms in lymphocyte lysates of between 5 ϫ 10 4 and 5 ϫ 10 7 EBs/assay using the standard lymphocyte cultures spiked with Chlamydia EBs. As shown in Fig. 3 , at the beginning of infection relatively few chlamydiae were recovered from the lymphocyte cultures. However, the relative number of Chlamydia organisms, which was calculated from the LPS concentrations determined by ELISA, in the cultures was increased during the infection and almost reached a plateau at 3 to 4 days after infection due to increased dead lymphocytes (data not shown). As is obvious in Fig. 3 , the relative number of Chlamydia organisms recovered from the cultures at 3 days after infection was significantly increased compared to the beginning of infection.
Increased C. pneumoniae-specific DNA in infected lymphocytes. Since analysis by both microscopy with FITC-conjugated anti-Chlamydia antibody and the ELISA specific for Chlamydia LPS was genus specific, not C. pneumoniae specific, C. pneumoniae-specific DNA in the cultures was assessed by PCR with primers specific for C. pneumoniae omp1. The adjusted amount of extracted DNA (0.2 g) obtained from lymphocyte cultures at different time points was subjected to PCR, and the PCR products were semiquantified. As shown in Fig. 4 , C. pneumoniae-specific DNA in the lymphocyte cultures increased during infection similar to that seen in the ELISA for Chlamydia LPS.
Infection of purified T lymphocytes with C. pneumoniae. In order to determine whether T lymphocytes are susceptible to Chlamydia infection, T-enriched lymphocyte cultures were prepared using a T-cell enrichment column with mouse spleen lymphocytes. The prepared T-cell fractions were more than 95% CD3 positive and had only trace numbers of CD19-positive cells, as determined by fluorescence-activated cell sorting (FACS) analysis. Growth of C. pneumoniae in the T-cell cultures was assessed by microscopy using FITC-conjugated anti-
FIG. 1. Fluorescence stain micrographs of C. pneumoniae-infected lymphocytes. (A and B)
Human peripheral blood lymphocytes were infected with C. pneumoniae by gentle shaking and then incubated for 3 days at 37°C in 5% CO 2 . The infected cells were fixed on a glass slide by Cytospin and stained with FITC-conjugated anti-Chlamydia monoclonal antibody. Chlamydia inclusion bodies (arrow) were demonstrated in lymphocytes. Magnification, ϫ1,000. (C and D) Immunofluoresence micrographs of C. pneumoniae-infected mouse spleen lymphocytes. The mouse spleen lymphocytes were infected with C. pneumoniae by gentle shaking, incubated for 3 days, and then stained with PE-conjugated anti-mouse IgG CD3 antibody and FITC-conjugated anti-Chlamydia antibody after treatment with the permeabilization kit. Red color indicates surface molecules of lymphocytes. Green to yellow color indicates C. pneumoniae. Magnification, ϫ1,000. (E and F) Fluorescence micrographs of mouse T-cell-enriched lymphocyte cultures infected with C. pneumoniae. The purity of T cells in the cultures was more than 95% as determined by FACS analysis with anti-CD3 antibody. The T-cell cultures showed a few chlamydiae at 0 h (E). At 3 days after infection, there were many Chlamydia inclusion bodies (yellow spots) stained with FITC-conjugated anti-Chlamydia antibody in the culture (F). Magnification, ϫ200.
Chlamydia antibody to detect Chlamydia inclusion bodies ( Fig.  1E and F) . At the beginning of infection, only a chlamydiae were observed by fluorescence microscopy (Fig. 1E ). In contrast, at 3 days after infection, the T-lymphocyte cultures showed an obvious increase in number and size of Chlamydia inclusion bodies in the cultures (Fig. 1F) .
Infection of T-lymphocyte cell lines.
Since it is difficult to prepare a 100% pure culture of lymphocytes with a primary culture of lymphocytes, using an established T-lymphocyte cell line is another way to demonstrate possible infection of lymphocytes with C. pneumoniae. In this regard, Molt 3 T-lymphocyte cells were used for in vitro infection with C. pneumoniae. As shown in Fig. 5 , the relative number of Chlamydia organisms recovered from cultures infected with viable bacteria was significantly increased during cultivation for 3 days. In contrast, UV-killed bacteria-treated cultures did not show any increase in bacteria during cultivation. The observations of Chlamydia inclusions in the cells determined by microscopy with FITCconjugated anti-Chlamydia antibody were parallel with the findings of the bacterial antigen analysis (Fig. 5) .
DISCUSSION
Infection of host cells with C. pneumoniae may change a variety of host cell functions. For instance, when Chlamydia spp. infect monocytes, the infection inhibits host cell apoptosis due, at least partially, to interleukin-10 (IL-10) induction during the infection (6) . Macrophage foam cells are inducible by Chlamydia infection by changing the uptake of lipids in infected macrophages (14, 15) . A variety of proinflammatory cytokines are also induced from monocytes infected with C. pneumoniae (12, 17) . These modulated host cell functions may play an important role in the development of the diseases associated with C. pneumoniae.
Lymphocytes are another major immune cell type besides macrophages in the development of chronic inflammatory diseases, including atherosclerosis. It is well documented that the lesions of atherosclerosis contain a focal accumulation of macrophages and T lymphocytes with the capacity to secret cytokines (2, 11, 24, 27, 28) . This inflammatory response may result in plaque rupture and thrombosis, eventually causing stroke or myocardial infarction (30) . Therefore, an immune response including regulation of inflammation by immune cells to C. pneumoniae may be critical for the development of atherosclerosis associated with C. pneumoniae. In this regard, if lymphocytes permit Chlamydia infection, involvement of infected lymphocytes in the development of atherosclerosis or other inflammatory diseases caused by C. pneumoniae infection may have a critical role in the pathogenesis of the diseases.
The demonstration of in vitro C. pneumoniae infection of lymphocytes in this study was achieved by several criteria, including morphology as well as demonstration of antigen and DNA levels. All of the criteria tested supported the conclusion that chlamydiae multiplied in lymphocyte cultures, which contained more than 95% lymphocytes, as determined by morphology. However, possible contamination with monocytes, which support the growth of chlamydiae, in the lymphocyte cultures was still a possibility, even though there was only a small number of monocytes. Therefore, the amount of Chlamydia antigen recovered from the lymphocyte cultures at the end of infection may be associated with some chlamydiae in monocytes, but this is unlikely because there were few monocytes in the cultures. On the other hand, the microscopic study clearly showed that lymphocytes defined by morphology as well as lymphocyte-specific surface molecules, such as CD3 for T lymphocytes, obviously had inclusion bodies, as determined with FITC-conjugated anti-Chlamydia monoclonal antibody.
The TEM analysis of infected lymphocytes supported the findings of fluorescence microscopy. In addition, it was demonstrated that purified T-lymphocyte cultures which showed a greater than 95% purity of CD3-positive cells allowed the growth of C. pneumoniae. Finally, demonstration of the growth of C. pneumoniae in the established T-lymphocyte cell line Molt 3 cultures supported the possible infection of lymphocytes with this bacterium. Thus, these findings indicate that C. pneumoniae can infect and multiply in lymphocytes, particularly T lymphocytes, in vitro.
Although we extensively examined propagation of the bacteria in lysates of lymphocytes using the HEp-2 cell culture system, which is considered the most conventional culture system for C. pneumoniae growth, only specimens obtained from the cells just after infection were positive. Similar results were obtained in the case of human peripheral blood monocytes and the human monocytic cell lines U937 and RAW. That is, the propagation of infected C. pneumoniae in the lysates of these cells was not successively detected (1, 4) . Therefore, it can be conjectured that the adaptation of C. pneumoniae to host cells or immature EB formation in infected lymphocytes may have occurred.
It is notable that human peripheral lymphocytes did not always allow Chlamydia infection. The reason for the variation in the susceptibility to Chlamydia infection among lymphocytes obtained from different donors is not known. C. pneumoniae is one of the most common pathogens of humans, supported by the fact that the prevalence of antibodies to this bacterium increases with age and about 50% of the population has been infected with this organism by age 50 (9) . Therefore, it seems likely that besides the genetic background, the immunological background of a donor may also affect the susceptibility of these lymphocytes to this organism. This speculation is at least partly supported by the results that mouse lymphocytes, which have the same genetic background and have not been infected with chlamydiae, showed a consistent susceptibility to in vitro Chlamydia infection.
The BALB/c mouse strain has been described as resistant for experimental C. pneumoniae infection (16) , but the BALB/ cAnN mouse strain shows susceptibility to Chlamydia infection (32) . In addition, a recent study showed successful experimental C. pneumoniae infection in BALB/c mice (5). Thus, the susceptibility of the BALB/c mouse strain, which was used as a source for the lymphocyte preparation in this study, is not consistent with other reports because of the different experimental conditions between studies. Nevertheless, in vitro susceptibility of lymphocytes to Chlamydia infection may not be directly comparable with in vivo susceptibility due to the different complexities between the systems.
The frequency of inclusion body formation of each lymphocyte in the cultures was not high compared with HEp-2 cells, which are used for the propagation of Chlamydia spp., even though the infectivity ratio was similar between the two cultures (data not shown). The relatively low frequency of inclusion body formation in lymphocytes may be related to several reasons. One of the possible reasons is the use of lymphocyte mixtures, which consist of several subpopulations of lymphocytes, such as B and T cells. If only a particular lymphocyte subset is susceptible to Chlamydia infection, the frequency of Chlamydia infection of each lymphocyte in lymphocyte cultures may be limited. This possibility seems likely because purified T-lymphocyte cultures showed more frequent Chlamydia inclusion bodies after infection than nonpurified lymphocyte cultures (data not shown).
In vivo susceptibility of lymphocytes to chlamydiae during infection is not known. However, the finding of the Chlamydia DNA recovery from CD3 ϩ peripheral blood leukocytes from patients (18) suggests that lymphocytes may serve as a host cell for chlamydiae in vivo. Furthermore, Moazed et al. reported that in experimental infection of mice with C. pneumoniae, it was demonstrated that the bacteria were spread via peripheral blood mononuclear cells, and the authors speculated that the responsive cell vehicle may be monocytes/macrophages (21) . However, since the study did not fractionate the peripheral blood mononuclear cells to determine the cell vehicle for C. pneumoniae, it was not clear which peripheral blood mononuclear cells were responsible as the vehicle. Nevertheless, these reports support the possibility that lymphocytes may serve as a host cell in vivo.
The ultrastructural study of infected lymphocytes by TEM revealed that infected chlamydiae were located in the cytoplasm of the cell at the early phase of the infection. The overall shape of such Chlamydia particles observed in a lymphocyte was similar to the finding in HeLa cells (31) , which showed a characteristic size and condensed nucleotide structure. In the late phase of infection, such as 3 days after infection, apparent growth of chlamydiae in a cell was observed. In contrast to the early phase of infection, many variable Chlamydia particle sizes, including reticulate-like bodies with a large periplasmic space, were seen in a cell. These ultrastructural findings of such variable sizes of Chlamydia particles in a cell were similar to our other observations in human monocytes (data not shown) as well as in a previous report utilizing human monocytes (1), except that there were relatively smaller numbers of Chlamydia particles in an inclusion. Thus, the overall morphology of Chlamydia particles in lymphocytes was nearly comparable to the previous report (1), with minor differences at the late phase of infection.
Positive Chlamydia infection of lymphocytes may impair lymphocyte functions, particularly cellular immunity, because T lymphocytes are a target for infection. However, no data are yet available as to how Chlamydia infection may impair or affect lymphocyte functions. Nevertheless, the evidence that C. pneumoniae can replicate in lymphocytes suggests that these cells may be an important host cell for dissemination of the organisms as well as possibly alter lymphocyte functions and certain immune mechanisms in an infected individual. Thus, the results presented in this study may provide a new direction for understanding C. pneumoniae infection and immunity.
